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Smoky coal exposure, NBS1 polymorphisms,
p53 protein accumulation, and lung cancer
risk in Xuan Wei, China
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Summary Lung cancer rates in Xuan Wei County are among the highest in China
and have been associated with exposure to indoor smoky coal emissions that con-
tain high levels of polycyclic aromatic hydrocarbons (PAHs). The NBS1 gene product
participates in DNA double-strand break repair and DNA damage-induced checkpoint
activation, which are critical for maintaining genomic integrity. The p53 tumor sup-
pressor gene is known to play key roles both in the maintenance of genomic stability
in mammalian cells and in DNA damage surveillance. We examined the association
between two common NBS1 polymorphisms (Leu34Leu, Gln185Glu) and lung can-
cer risk in a population-based case-control study in Xuan Wei, China. Individuals
homozygous for the NBS1 34Leu or NBS1 185Glu variants were found to have an
increased risk of lung cancer (odds ratio [OR] 2.15, 95% confidence interval [CI]:
0.91—5.10 and OR 2.53, 95% CI: 1.05—6.08, respectively). A haplotype containing
the variant alleles from both NBS1 SNPs was associated with increased risk of lung
cancer compared with the most common haplotype. Further, the associations were
particularly pronounced among cases with over expression of p53 protein. These
results suggest that NBS1 could be important in the pathogenesis of lung cancer in
this population. However, additional studies in other populations with substantial
environmental exposures to PAHs are needed to confirm our findings.
© 2005 Elsevier Ireland Ltd. All rights reserved.

∗ Corresponding author. Tel.: +1 301 4354706; fax: +1 301 4021819.
E-mail address: qingl@mail.nih.gov (Q. Lan).

169-5002/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.lungcan.2005.04.004



318 Q. Lan et al.

1. Introduction

The lung cancer mortality rates in Xuan Wei County
are among the highest in China for both males
and females. Although almost all women do not
smoke, mortality rates from lung cancer are sim-
ilar to those for men, who have a high prevalence
of smoking (27.7 and 25.3 per 100,000 for men
and women in the county, respectively) [1]. Pre-
vious studies have shown that the etiology of lung
cancer in Xuan Wei was primarily attributed to in-
door exposure to smoky coal emissions, which have
a high concentration of polycyclic aromatic hydro-
carbons (PAHs) [1—3]. During the burning of smoky
coal for home cooking, the indoor air concentra-
tion of benzo(a)pyrene (BaP), an indicator of PAHs,
can become as high as 14.7�g/m3, comparable to
exposure levels experienced by coke oven workers
[1].
Studies have found that the activated form of

BaP, benzo(a)pyrene-7,8-dihydrodiol-9,10-epoxide
(BPDE), can bind to DNA at guanine positions
of codons 153—158, 248, and 273 of the p53
gene, form BPDE adduct, and cause DNA dam-
age [4,5]. Stable covalent BaP DNA adducts can

or cytological evidence of lung cancer (105 cases)
or death from lung cancer within a 1-year period
(17 cases) [10,11]. Each control was matched
to a case based on age (±2 years), sex, village
and type of fuel currently used for cooking and
heating at home. DNA was extracted from sputum
samples and was successfully extracted from
119 case and 113 controls [10]. Genotyping was
performed on an ABI 7900HT detection system
using TaqMan endpoint reads as described on the
website (http://snp500cancer.nci.nih.gov) [12].
We previously reported the association between
p53 protein accumulation and smoky coal use [11].
Briefly, p53 protein accumulation was examined by
immunocytochemical methods in exfoliated tumor
cells isolated from sputum samples and has been
described previously [11]. A series of five sputum
samples were collected by spontaneous expectora-
tion before surgery or any other type of treatment.
Sputum was stored in 40ml of Saccomanno’s fluid
[13]. The Saccomanno blending technique [13]
was used to prepare the sputum samples prior
to staining with Papanicolaou’s reagent and p53
protein immunohistochemistry. Eight slides were
made for each subject. The ABC ELITE mouse IgG
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cause single-strand breaks which result in double-
strand breaks (DSBs) during replication [6]. DNA
DSBs are highly deleterious because they can be
associated with chromosomal translocations and
other aberrations [7]. The NBS1 gene product par-
ticipates in DNA double-strand break repair and DNA
damage-induced checkpoint activation [8]. A cases
only study [9] suggested an association between
the NBS1 Gln185Glu polymorphism and p53 muta-
tions, but the effect of common polymorphisms
in the NBS1 gene on lung cancer risk has not yet
been examined in an epidemiologic case-control
study.
Here, we evaluated the influence of two com-

mon NBS1 polymorphisms on lung cancer risk, in a
population-based, case-control study of residents in
Xuan Wei County, China, in which exposure to PAH
has been well documented [1,3]. Furthermore, we
examined the joint association between the NBS1
polymorphisms and p53 protein accumulation on
lung cancer risk.

2. Materials and methods

This population-based case-control study has
been described elsewhere [10,11]. Briefly, 122
lung cancer cases and 122 controls were enrolled
between 1995 and 1996. The criteria for inclusion
as a case for this study was based on histological
etection kit (Vector Laboratories, Burlingame,
A) was used to detect p53 protein accumulation.
he p53 immunostaining in sputum was evaluated
y a scoring system for quantity and intensity
11]. Among subjects with the NBS1 genotyping
nformation, 93 had information on p53 protein
ccumulation.
The test for Hardy-Weinberg equilibrium among

he controls was conducted using the observed
enotype frequencies and a Pearson X2 test with
ne degree of freedom. Logistic regression analysis
as used to estimate the association between geno-
ypes and lung cancer, adjusted for age, sex, and
urrent fuel type. Further adjustment for smoky
oal use and pack-years of smoking produced results
hat were very similar (data not shown). Therefore,
e only presented the results that were adjusted
or age, sex, and current fuel type. Tests for trends
ere conducted by including a single term for geno-
ype status (0 for wild type homozygotes, 1 for het-
rozygotes, 2 for variant homozygotes) in a logis-
ic regression model. The haplotype block structure
as examined with HaploView (http://www.broad.
it.edu/personal/jcbarret/haploview/) using the
our gamete rule [14] with a minimum frequency
f 0.005 for the fourth gamete. Haplotypes were
stimated using the Expectation-Maximization al-
orithm [15], and overall differences in haplotype
requencies between cases and controls were as-
essed using the omnibus test in SAS/Genetics (SAS
nstitute Inc., 2002). The association between each

http://snp500cancer.nci.nih.gov/
http://www.broad.mit.edu/personal/jcbarret/haploview/
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Table 1 Demographic characteristics of lung cancer cases, by p53 protein accumulation status, and controlsa

Cases (n = 122) Cases of p53 status (n = 97) Controls (n = 122) P-valueb

N (%) Positive N (%) Negative N (%) N (%)

Age
<55 52 (43) 16 (36) 25 (47) 51 (42)
≥55 70 (57) 28 (64) 28 (53) 71 (58) 0.90

Sex
Male 79 (65) 33 (75) 28 (53) 79 (65)
Female 43 (35) 11 (25) 25 (47) 43 (35) 1.00

Smokingc

No 9 (11) 2 (3) 4(14) 10 (13)
Yes 70 (89) 31 (97) 24(86) 69 (87) 0.81

Smoky coal use
<130 51 (42) 20 (45) 23 (43) 72 (59)
≥130 71 (58) 24 (55) 30 (57) 50 (41) 0.007
a The demographic characteristics of the study were previously reported [10,11]. Among the 122 cases and 122 controls, DNA

was available for 119 cases and 113 controls. Among the 122 cases, 97 of them have information on p53 protein accumulation
status.

b P based on chi-square test (all cases versus controls).
c Males only.

haplotype and lung cancer risk was estimated us-
ing the best haplotype pairs (i.e. the haplotype pair
with the highest probability) for each person in a lo-
gistic regression model with the most common hap-
lotype as the reference, adjusting for age, sex, and
current fuel type.
The OR for smoky coal use was estimated as the

average amount of lifetime cumulative tonnes of
smoky coal. Smoky coal use was categorized into
heavy and light based on the distribution in the con-
trols. For subjects who used more than 130 tons of
smoky coal in their life time defined as ‘‘heavy’’
smoky coal user and less than 130 tons as ‘‘light’’
smoky coal user. An ever-smoker was defined as
a smoker of at least one cigarette per day for 6
months or longer. Gene environment interactions
were examined and tested on a multiplicative scale
by adding product terms into a logistic regression
model. We stratified the association between NBS1
and lung cancer by p53 protein accumulation status
and calculated the adjusted odds ratios (ORs) and
95% confidence intervals (95% CI) in p53 positive and
p53 negative lung cancer cases and controls. Poly-
tomous logistic regression was used to compute ORs
and 95% CIs for the p53 protein accumulation status
a
l
c
b
a
s
s

3. Results

Table 1 shows demographic characteristics of lung
cancer cases, by p53 status, and controls. Among
cases and controls, type of fuel source, ethnicity,
education level, household income and dwelling
type were comparable (data not shown). Heavy
smoking, namely, more than a 25 pack-year his-
tory was weakly associated with lung cancer risk
(OR = 1.69; 95% CI: 0.82—3.49) in the men, a finding
which is consistent with previous studies in Xuan
Wei [1—3,10,17]. Compared to subjects who used
less than 130 tons of smoky coal during their life-
time, heavy smoky coal users (those who used more
than 130 tons) had a 2.27-fold (95% CI: 1.25—4.10)
increased risk of lung cancer.

NBS1 genotype distributions were observed to be
in Hardy-Weinberg equilibrium for the controls. The
association of NBS1 genotypes and haplotypes with
lung cancer risk is presented in Table 2. Individuals
homozygous for the 34Leu variant or 185Glu variant
were found to have an increased risk of lung can-
cer. When stratified by smoky coal use or sex, the
effect of the NBS1 genotypes and the risk of lung
cancer for both variants were not statistically dif-
f
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nalysis where the dependent variable had three
evels: (1) p53 positive, (2) p53 negative, and (3)
ontrol [16]. Polytomous regression was analyzed
y SPSS, version 12.0 (SPSS Inc., 2004). Data were
nalyzed with the Statistical Analysis Software, ver-
ion 8.02 (SAS Institute Inc., 1996) if not otherwise
pecified.
erent, but we had low power to detect such effects
data not shown). The two SNPs of the NBS1 gene
ere in strong linkage disequilibrium (D′ = 1.0) and
early completely correlated (r2 = 0.99), making it
ifficult to differentiate the effects of one SNP from
he other on the risk of lung cancer. As expected,
he haplotype containing the variant alleles from
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Table 2 NBS1-Leu34Leu and -Gln185Glu polymorphisms and lung cancer risk

Genotypes and haplotypes Case N (%) Control N (%) OR (95% CI)a P-value

NBS1 Leu34Leu (Ex2 + 65G>A)
rs1063045
GG 37 (32.2) 46 (41.8) Ref.
GA 59 (51.3) 53 (43.6) 1.38 (0.78—2.44) 0.27
AA 19 (16.5) 11 (10.0) 2.15 (0.91—5.10) 0.08
GA+AA 78 (67.8) 64 (58.2) 1.51 (0.88—2.61) 0.14
Trend 0.07

NBS1 Gln185Glu (Ex5-32C>G)b

rs1805794
CC 37(31.4) 47 (42.3) Ref.
CG 61(51.7) 54 (48.6) 1.43 (0.81—2.52) 0.22
GG 20 (17.0) 10 (9.0) 2.53 (1.05—6.08) 0.04
CG+GG 81 (68.6) 64 (57.7) 1.60 (0.93—2.76) 0.09
Trend 0.03

NBS1 Haplotypes (Leu34Leu—Gln185Glu)
Hap1 (G—C) 134 (56.8) 148 (66.1) Ref.
Hap2 (A—G) 101 (42.8) 75 (33.5) 1.48 (1.01—2.17) 0.04
Hap3 (A—C) 1 (0.4) 1 (0.4) — —
Omnibus testc 0.11
a ORs and 95% CIs obtained by logistic regression analysis adjusted for age, sex and current fuel type.
b CC genotype corresponds to the Gln/Gln genotype, CG to the Gln/Glu genotype, and GG to the Glu/Glu genotype.
c The P-value for the omnibus test based on permutations test.

both NBS1 SNPs was associated with increased risk
of lung cancer compared with the most common
haplotype.
Table 3 shows the relationship between NBS1

genotypes and haplotypes and lung cancer risk
stratified by p53 protein accumulation status. The
associations were particularly pronounced and sig-
nificant only among cases that were p53 positive.
However, the case—case comparison between p53+
and p53− cases was not statistically significant.

4. Discussion

We carried out a population-based case-control
study of lung cancer in a uniquely exposed pop-
ulation in Xuan Wei County, China and observed
an increased risk of lung cancer for individuals ho-
mozygous for both NBS1 polymorphisms, 34Leu and
185Glu. Further, this association was particularly
pronounced and statistically significant only among
cases for whom p53 protein accumulation was de-
tected in exfoliated tumor cells from sputum sam-
ples.
This study was conducted in a well-characterized

to double-strand breaks upon DNA replication [6].
DSB can activate the checkpoint functions at the
G1/S and the G2/M boundaries of the cell cycle.
In response to double-strand breaks at the cellu-
lar level, NBS1, Mre11, and Rad50 form a com-
plex at the site of DNA damage. The triple com-
plex of NBS1, Mre11, Rad50 proteins displays en-
zymatic activities only when NBS1 is present. It
has been shown that this complex is important for
the regulation of genomic stability and could pro-
tect against malignant transformation [18]. Thus,
the NBS1 polymorphisms could affect the capac-
ity of this complex to repair the damage caused
by DNA adducts and increase the risk of cancer-
causing mutations. We found that the NBS1 (34A,
185Glu) variants were associated with an increased
lung cancer risk, especially with p53 positive lung
cancer. This suggests that NBS1 is important in
preventing DNA mutations, such as p53 mutations
that disrupt the efficient repair of chromosomal
abnormalities.
Mutations in the p53 gene are critical events in

the pathogenesis of cancer [19] and the most com-
mon genetic changes associated with human tu-
mors, including lung cancer [20]. The p53 tumor
s
i
r
t

population in which lung cancer has been associ-
ated with exposure to smoky coal emissions that
contain high levels of BaP. BaP DNA adducts can
cause single-strand breaks which may be converted
uppressor gene plays an essential role in maintain-
ng genome integrity by influencing how the cell
esponds to DNA damage [21,22]. It can respond
o DSBs by inducing cell cycle arrest, DNA repair,
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Table 3 NBS1-Leu34Leu and Gln185Glu polymorphisms and lung cancer risk stratified by p53 protein accumulation
status

Genotypes and
haplotype

P53 status (n = 93)a Control
N (%)

P53 negative
OR (95% CI)b

P-value P53 positive OR
(95% CI)b

P-value

Negative
cases N (%)

Positive
cases N (%)

NBS1 Leu34Leu
GG 17 (35.4) 12 (28.6) 46 (41.8) Ref. Ref.
GA 25 (52.1) 21 (50.0) 53 (48.2) 1.32 (0.63—2.76) 0.46 1.47 (0.65—3.34) 0.36
AA 6 (12.5) 9 (21.4) 11 (10.0) 1.37 (0.43—4.34) 0.59 3.38 (1.12—10.22) 0.03
GA+AA 31 (64.6) 30 (71.4) 64 (58.2) 1.32 (0.65—2.69) 0.44 1.78 (0.82—3.86) 0.15
Trend 0.48 0.04

NBS1 Gln185Gluc

CC 17 (34.7) 12 (27.3) 47 (42.3) Ref. Ref.
CG 25 (51.0) 22 (50.0) 54 (48.6) 1.30 (0.62—2.71) 0.49 1.57 (0.70—3.53) 0.28
GG 7 (14.3) 10 (22.7) 10 (9.0) 1.82 (0.59—5.59) 0.30 4.21 (1.40—12.66) 0.01
CG+GG 32 (65.3) 32 (72.7) 64 (57.7) 1.38 (0.68—2.79) 0.37 1.96 (0.91—4.22) 0.09
Trend 0.28 0.02

NBS1 haplotype analysis (Leu34Leu—Gln185Glu)
Hap1 (G—C) 59 (60.2) 46 (52.3) 148 (66.4) Ref. Ref.
Hap2 (A—G) 39 (39.8) 42 (47.7) 75 (33.6) 1.28 (0.78—2.09) 0.33 1.83 (1.10—3.03) 0.02
Hap3 (A—C) 0 0 1 (0.4) — — — —
Omnibus testd 0.50 0.02
a Ninety-three of the patients had information on p53 protein accumulation.
b ORs, 95% CIs, and P-values obtained by polytomous logistic regression analysis adjusted for age, sex, current fuel type.
c CC genotype corresponds to the Gln/Gln genotype, CG to the Gln/Glu genotype, and GG to the Glu/Glu genotype.
d The P-value for the omnibus test based on permutations test.

or apoptosis. Studies have shown that the specific
mutation patterns of GC to TA transversion in p53
gene are the most commonly observed mutations
following experimental exposure to polycyclic aro-
matic hydrocarbons, such as B(a)P [23]. In a pre-
vious study, we found that p53 was mutanted in
17/24 (71%) of nonsmoking female cases who used
smoky coal in Xuan Wei. In these patients, a total of
21 mutations were identified (four patients having
two distinct mutations), including 16 (76%) GC to TA
transversions, the majority of them occurring at po-
sitions experimentally identified as common sites of
adduct formation by metabolites of PAH [4]. Detec-
tion of p53 protein accumulation in cytology spec-
imens from sputum is a good surrogate marker for
the presence of a mutation. Indeed, in a pilot study
on 15 of the 97 cases, we observed that p53 and K-
ras gene mutations, consisting predominantly of GC
to TA transversions, were detected in tumor cells
isolated from sputum of these patients [24]. How-
ever, in our study we used an immunohistochemical
method to assess p53 protein expression rather than
directly sequencing p53 mutations, as only sputum
samples were available from the cases. As a con-
sequence, the findings should be interpreted with
c
c

We found that the NBS1 (34A, 185Glu) variants
were associated with an increased lung cancer risk,
especially with p53 positive lung cancer. It is also
possible that the NBS1 (34A, 185Glu) variants may
be more efficient than the wild-type NBS1 alleles
in activating wild-type p53 after strand break DNA
damage. The result of this activation would be to
suppress the proliferation of cells with wild-type
p53 (either through growth arrest or apoptosis),
whereas cells that have acquired a p53 mutation
would escape suppression and thus have a selective
advantage for tumorigenesis. According to this hy-
pothesis, PAH exposure would cooperate with NBS1
(34A, 185Glu) variants in a mechanism of Darwinian
selection of cancer cells, with PAH as the mutagen
and NBS1 (34A, 185Glu) variants as the target for
selection pressure.
To our knowledge, no information is available

regarding the effect of the NBS1 Leu34Leu and
Gln185Glu polymorphisms on DNA repair activity.
The Gln185Glu polymorphism could have functional
significance, because the amino acid substitution is
a non-conservative change, but further studies are
needed to characterize this. Although it is also pos-
sible that the synonymous SNP at 34Leu could alter
s
t

aution as they may not necessarily apply to lung
ancer cases categorized by p53 mutation pattern.
tability of messenger RNA [24], it is more likely
hat the association that we observed between this
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allele and lung cancer is due to linkage disequilib-
rium with the 185Glu allele. Alternatively, the pos-
itive association we observed between these two
polymorphisms and lung cancer could be due to an
unobserved variant that is in linkage disequilibrium
with both SNPs.
Medina et al [9]. reported that the NBS1 185Gln

variant was associated with a significantly higher
number of p53 mutations among lung cancer pa-
tients in a case-only study. In contrast, we found
that the NBS1 185Glu variant was associated with
p53 protein accumulation. This discrepancy be-
tween our study and the study by Medina et al.
could be due to differences in ethnicities of the
study populations as well as in differences in ex-
posures. The study by Medina et al. included both
blacks and whites, whereas our study consisted of
only Chinese subjects. The frequency of the NBS1
polymorphism in the control population from our
study in China was substantially lower than that ob-
served in Caucasian populations [9], consistent with
data from the NCI SNP500 Cancer re-sequencing
project (http://snp500cancer.nci.nih.gov) [14]. It
is possible that if the observed association be-
tween the NSB1 polymorphism and p53 status

havong was supported by a grant from the American
Cancer Society (RSG-99-161-04-CNE).
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